ABSTRACT A specific high-affinity phorbol ester binding component has been identified in the cytosol of an EUA mouse thymoma line by using conditions similar to those for demonstrating activity of a calcium/phospholipid-dependent protein kinase. Specific binding is absolutely dependent on acidic phospholipids (maximal binding at 96 pig of phosphatidylserine per ml or 200 pAg of phosphatidylinositol per ml) and is greatly enhanced by addition of calcium (0.5 mM) and magnesium (75 mM). Scatchard analysis of the cytosolic binding component indicated a Kd of 4.2 ± 2.5 nM with 1.8 ± 0.6 x 104 sites per cell compared to a Kd of 11.9 ± 4.4 nM and 4.1 + 1.0 x 104 sites per cell for the membrane receptor.
(M. L. Hilfiker and J. J. Farrar, personal communication) and, more recently, isolation of IL 2 mRNA from PE-stimulated EL4 mouse thymoma cells (1) , lectin-stimulated human lymphocytes (2) , and a constitutive IL 2-producing gibbon T-cell line (3) suggest that IL 2 production requires RNA and protein synthesis.
Specific, saturable, high-affinity receptors for PEs have been identified on intact normal human lymphocytes (4) as well as on IL 2-producing and IL 2-nonproducing EL4 thymoma cells (5) . Appropriate time courses, concentration dependencies, and structure-activity relationships suggested that this receptor may mediate PE-stimulated IL 2 production. Our preliminary studies, as well as results in other systems (6) (7) (8) (9) , suggested that this was a membrane, and possibly a cell surface, receptor.
In an attempt to elucidate the mechanism by which the PEreceptor interaction might lead to an effect at the nuclear level, we have considered a possible role of kinases as intermediate effectors. Because PEs have been reported to increase phospholipid metabolism (10) (11) (12) (13) and calcium availability (14) (15) (16) (17) in various systems including lymphocytes, we examined the effect of PEs on a recently described calcium and phospholipid-dependent protein kinase, protein kinase C (18) (19) (20) (21) (22) (23) . A marked decrease (approximately 90% within 5 min) in the cytosolic activity of protein kinase C after PE treatment of intact EL4 thymoma cells was observed (24) . This decrease paralleled PE binding to EUA cells in time, concentration dependency, and structure-activity relationships.
Several properties of PE binding are similar to those of protein kinase C. Binding has been reported to be sensitive to phospholipase A2 (25) , decreased by EGTA and EDTA, and stimulated by calcium (26) . Tissue concentrations of both PE binding (26) and protein kinase C activity (27) have been found to be highest in brain and second highest in spleen (lymphocytes). One major difference between the two, however, is that, although the kinase activity has been demonstrated in membranes (27) , most studies of the enzyme used cytosol preparations. We had not observed any cytoplasmic PE binding nor are there any reports of saturable cytoplasmic PE binding in the literature. Our observations on the PE effect on protein kinase C, coupled with a recent report (28) the dependence of PE binding on phosphatidylinositol (PtdIns) (Fig. 2) . Approximately 200 ,ug of PtdIns per ml was required for maximal binding. The phospholipid specificity for cytosolic PE binding was further investigated in the experiment shown in Table 1 . PtdSer and PtdIns, at 240 ,ug/ml, each gave maximal PE binding. Addition of phosphatidic acid resulted in small but significant PE binding. Phosphatidylethanolamine and phosphatidylcholine were ineffective. A similar dependence of protein kinase C activity on acidic but not neutral phospholipids has been observed (23, 24) .
The calcium and magnesium dependencies for cytosolic PE binding are shown in Fig. 3 . Maximal PE binding was observed at 0.5 mM calcium whereas 5 mM calcium was required to stimulate protein kinase C activity maximally in this preparation with crude histone as substrate (24) . The calcium requirement for stimulating protein kinase C activity could be substantially reduced by using histone H1 rather than crude histone as substrate (24), giving a much better correlation with the calcium requirement for PE binding observed here.
The concentration of magnesium required for maximal PE binding was very high (75 mM) as had also been observed for protein kinase C activity in EL4 cytosol (24) . It than that of the membrane from the same cell prep mean (±SD) Kd from seven experiments on cytos was 4.2 ± 2.5 nM; the mean number of cytosolic sites per cell was 1.8 ± 0.6 X 10". The results periments on membrane binding gave a mean Kd a nM with 4.1 ± 1.0 X 104 sites per cell. The memb are similar to those previously reported for intact c occasional tendency of the membrane data to be cur suggest more than one class of binding sites in tha it may represent some contamination with the cy tion. from the previously described whole cell binding, we examined the structure-activity relationship for competition of this bind-)aration. The ing by PE analogs. The cytosol bound active PEs with the same solic binding order of potency as do whole cells (Fig. 6 ). This figure also dem-PE binding onstrates our consistent observation that nonspecific binding in of three ex- cytosol was much lower (2-10% of total) than that in whole cells f 11.9 ± 4.4
or crude membrane preparations (10-30% of total), even when rane results equal protein concentrations were used. ells (5 (Fig. 4) and was also suggested by the slightly curvilinear Scatchard plots in earlier whole cell experiments (5) . The shallow analog competition curves in that earlier report (5) Two previous reports of cytosolic PE binding have been published (32, 33) ; however, the binding in those studies was not shown to be saturable, of high affinity, or rapidly reversible. Recently, the existence of specific high affinity PE binding in nuclei was reported (34) . Nuclear binding, as measured by that group, accounted for about 9% of the cellular PE binding. No attempt was made to isolate nuclei in the experiments reported here; with the cell disruption procedure we used, it is likely that nuclei were ruptured and nuclear membranes and chromatin would be included in our crude membrane preparation. Much more work is required to determine the relationship between the PE binding in various subcellular fractions and the contribution of each receptor to specific PE responses.
Another recent report (35) indicates that PEs can bind to artificial lipid bilayers. The binding reported here must require an additional component(s) because we observed no specific binding to the phospholipids in the absence of the cell preparations.
Of particular interest is the now impressive similarity between the PE binding component(s) and protein kinase C. They have similar tissue distributions (26, 27) and calcium, magnesium, and phospholipid dependences (25, 26, (28) (29) (30) , and this paper), and they exist in both membrane (refs. 6-9, 27, and this paper) and cytosolic fractions (18-23 and this paper). Furthermore, PEs have been observed to affect protein kinase activity both in vitro (28) and in vivo (24, 28 ). An intriguing possibility consistent with these results is that the PE receptor and protein kinase C may be related or identical molecules. An alternative possibility, consistent with the phospholipid, calcium, and magnesium dependence of cytosolic binding, is that the PE receptor might serve as a substrate for protein kinase C and that phosphorylation of the receptor by the activated kinase would render it capable of binding PEs.
The recent report by Castagna et al. (28) that PEs can replace diolein in activating protein kinase C activity supports the former hypothesis and suggests that PEs might compete with diolein for binding to the kinase or that diolein might compete with PE for binding to the PE receptor. It should be noted that Kraft et al. (24) found no effect of PEs on protein kinase C activity in vitro. However, these results are not inconsistent with those of Castagna et al. (28) 
